Background: Youth soccer injuries are common and of increasing concern, with sport specialization occurring at younger ages. Limited research is available regarding overuse injuries and risk factors in young female athletes.
In 2014, US Youth Soccer reported more than 3 million registered youth players, 48% of whom were girls. 36 While the benefits of youth sports are well documented, 19 youth soccer is a significant cause of pediatric injuries. 1, 14 Studies of male professionals are numerous, while studies of females are less common, and there are relatively few studies of youth players.
Injuries are mechanistically divided into acute and overuse. Acute injuries involve a clearly identifiable trauma or incident, while overuse injuries occur secondary to repetitive microtrauma, without a single identifiable responsible event. 6 Most of the soccer literature focuses on acute injuries or evaluates both overuse and acute injuries together, resulting in a paucity of literature evaluating risk factors for overuse injuries. Further complicating overuse injury data collection and the interpretation of findings is a lack of consensus on the definition of overuse injury. Roos and Marshall 31 in a systematic review of the term overuse injury found that overuse could indicate a mechanism or a definition, and a number of studies of overuse injuries do not state the injury criteria. The authors concluded that by definition, overuse injuries should have a mechanism of gradual onset with pathogenesis of repetitive microtrauma.
It is imperative in the study of youth soccer that overuse injuries are assessed, because they comprise a greater proportion of injuries in younger athletes, 13 and the immature skeleton is at increased risk of osteochondrosis, with the potential to affect future growth. 26 The opportunity and pressure for young athletes to participate exclusively in a single sport have increased dramatically, and youth athletes' parents, sports clubs, and national sporting organizations have embraced the belief that early sport specialization and high-intensity training at a young age are required to reach full athletic potential. 7, 28 This belief is perpetuated in the face of the recognized risks of early sport specialization 12 and overtraining, particularly for adolescents during rapid growth. 34, 37 The purpose of this study was to follow female youth soccer players ages 12 to 15 years to identify the number and rate of overuse injuries, describe the anatomic location and type of injury, and evaluate contributing risk factors, including lower extremity muscle strength, joint hypermobility, valgus knee alignment, and amount of playing time for soccer and other sports. We hypothesized that hypermobile joints, weak lower extremity muscle strength, significant valgus knee alignment, and high amounts of participation time in soccer and other sports would be associated with increased risk of overuse injuries.
METHODS
We performed a prospective cohort study, enrolling 351 female youth soccer players ages 12 to 15 years to evaluate risk factors, including joint hypermobility, hip and knee muscle strength, and jump biomechanics, that are associated with overuse injuries. Lacking a gold standard for overuse injury and drawing on the recommendations of Roos and Marshall, 31 we defined an overuse injury as lower extremity pain, without a clear inciting event, that impaired or limited soccer activities for 2 weeks or more. We choose a minimum of 2 weeks of symptoms in an effort to capture injuries with a component of repetitive microtrauma and to avoid labeling self-limiting soreness as injury.
Among the 4 youth soccer clubs in the Puget Sound region of Washington State, we randomly selected 36 of 72 elite (select and premier) outdoor teams by having a study staff member blindly select from a container the team names listed on separate slips of paper. Of the 36 teams we contacted, 33 (91.7%) agreed to participate, and we recruited 83.2% (351/422) of their players. The top 2 teams in each age group were designated "premier level" and the next level teams were designated "select level" by the soccer clubs. Eight teams were enrolled during the [2008] [2009] [2009] [2010] , and 2010-2011 seasons and 9 teams during the 2011-2012 season, for a total of 20 premier and 13 select teams. The season lasted 1 full year beginning with tryouts in the spring. We followed each team for at least 1 season and 6 teams for 2 seasons, which is the longest any single team participated. We had complete follow-up on 92.3% of players. All players provided assent, and their parents provided informed consent. This study was approved by the University of Washington Institutional Review Board.
Joint Hypermobility and Muscle Strength
At the start of the season, the height and weight of all players were measured, and they completed a written survey regarding their age, race, ethnicity, length of soccer career, and prior history of soccer-related injuries resulting in loss of playing time. In addition, players were measured for joint hypermobility with the Beighton scale, 1 hip and knee muscle strength, and a standardized drop-jump test. All the evaluations were performed at the University of Washington Sports Medicine Clinic. We employed 9 experienced physical therapists (PTs) and provided them with detailed written and hands-on instructions for assessing all the physical measurements. All subjects were free of injury at the time of their assessments. For hip strength, the PTs used a Chatillon handheld dynamometer (Ametek Test and Calibration Equipment), using the break technique with standardized positioning to measure hip flexor, extensor, abductor, adductor, and external rotation strength in newton meters. Each test was performed 3 times, and the values were averaged for analysis. For knee strength, the PTs used a Biodex Pro 3 dynamometer (Biodex Medical Systems) to measure concentric hamstring and quadriceps strength in newton meters at an angular speed of 180 deg/s. Each subject performed a standardized warm-up of the right leg consisting of 3 submaximal concentric contractions, followed by 10 maximal-effort repetitions at 180 deg/s, as per the protocol established by Biodex. The largest value of the quadriceps and the hamstrings measurements recorded during the repetitions was used as the maximal strength value. The subject rested for 60 seconds, and the testing procedure was repeated on the left leg.
Drop-Jump Test
The PTs instructed each player on the drop-jump test procedure using the Sportsmetrics 17 standardized video analysis technique. The Sportsmetrics analysis consists of a video camera that records the testing procedure and is positioned 12 feet from a 31-cm-tall box, a calibrating placard positioned next to the box, and software that analyzes the data. All subjects wore tight-fitting Lycra shorts and lowcut athletic shoes. The PT used double-sided tape to attach reflective markers to each subject at the left and right greater trochanter, the center of the patella, the lateral malleolus, and the right lateral knee. After the PT demonstrated the jumping technique, the subject stepped on the box facing the video camera, turned 90 to her left with her hands on her hips, and hyperextended her knees. The subject turned to face the camera and jumped straight down off the box, landed, and immediately went into a maximumheight vertical jump while the PT videotaped the procedure. After completion of all baseline assessments for the season, our lead PT (L.S.) reviewed all videotapes and captured still images of (1) prelanding, defined as the subject's toes just touching the ground; (2) landing, defined as the subject in the deepest point of the landing (when the lowest point was reached by the marker on the patella); and (3) takeoff, defined as the subject taking off into the jump, the still image immediately following the landing image. Each player performed the drop-jump test 3 times during the baseline assessment. The PT loaded each of these pictures into the Sportsmetrics software. The hips were defined by the lateral trochanter markers, the knees by the midpatella markers, and the ankles by the lateral malleolus markers. The PT placed the computer cursor on the right and left lateral trochanter, the midpatella, and the lateral malleolus markers, and the software used these markers to calculate the distance between the hips, knees, and ankles using the calibrating placard as a reference point. The average of the 3 drop-jump test results was recorded.
Injury Surveillance System
We implemented a validated injury surveillance system 32 to identify all overuse injuries occurring during the soccer season. Injuries to the groin, hip, thigh, knee, lower leg, ankle, or foot were included in lower extremity injuries. All parents were required to complete an email survey weekly indicating whether an overuse injury occurred. The email system sent an automated reminder after 2 days of nonresponse, and study staff telephoned all email nonresponders and obtained the information. Study personnel performed a telephone interview with each injured player within 1 week of the injury and collected data about the anatomic location and characteristics of the overuse injury; the problems causing limited soccer play, including pain, weakness, giving way, and concern about making the injury worse; and who evaluated the injured player. Players were interviewed weekly until the injury resolved and full participation resumed. At the final interview, we obtained the date of return to play. Our sports medicine physician assigned a diagnosis after reviewing all interview data and any available medical records. If the diagnosis was in question, the player was offered a free clinical evaluation as well as any required imaging. The weekly internet survey collected the number of athletic exposure hours (AEH) each soccer player spent in practice as well as the number of practices per week. Trained parent volunteers on each team collected the number of game minutes for each player using a game timing sheet. We received timing data for 96% of games.
Nested Case-Control Study
In addition to our prospective cohort study of risk factors measured at the start of the soccer season, we also performed a case-control study that was nested within our existing cohort to evaluate time-dependent risk factors associated with overuse injury. A case was defined as a soccer player who experienced lower extremity pain, without a clear inciting event, that impaired or limited soccer activities for 2 weeks or more; the reference time for cases was the 2 weeks during the time the player experienced pain with soccer activities. A control was defined as a girl playing in a given week without injury. We used slightly different terms in reporting descriptive statistics for case and control subjects. Cases were designated as injuries, but controls were designated as player-weeks, since a control girl would have been selected from a given week of play. Controls were randomly selected every week from all injury-free girls who played that week. Also, to appropriately balance the cumulative number of controls and the cumulative number of overuse injuries, the number of controls selected from a given week took into account the cumulative number of previously selected controls in the study up to that week.
We conducted a telephone interview with each case and control subject within a median time of 3.0 days. The timedependent risk factors we evaluated in our nested casecontrol study included usual position played in the month prior to injury or reference time, practicing soccer on one's own in the week prior to injury or reference time, playing on another soccer team in the week prior to injury or reference time, participating on another sports team in the month prior to injury or reference time, and participating in other physical activities. The usual position played was categorized as goalie, defender, midfielder, or forward. The other sports teams we asked about included basketball, volleyball, and track. The other physical activities reported by the girls included golfing, skiing, gymnastics, waterskiing, running, weight lifting, bicycling, aerobics or Pilates, and swimming for 30 minutes or more per week. All timedependent risk factors were assessed at the time of each case and control interview.
Statistical Analysis
We calculated the overall rate of lower extremity overuse injuries, the rate of first-time lower extremity overuse injuries, the rate of repeat lower extremity overuse injuries, and the rate of knee overuse injuries, with 95% confidence intervals (CIs), using the counts of each injury as the numerator and the number of AEHs as the denominator. We used percentages to describe the anatomic location, the laterality, and the diagnosis of the injuries as well as the causes of limitations in play and the persons assessing the injury. We compared soccer players with and without overuse injuries based on age, race, ethnicity, level of play, years playing soccer, and prior acute injury.
We evaluated the association between the risk factors assessed at the start of the soccer season and the incidence of lower extremity as well as knee overuse injury using Poisson regression estimated by the generalized estimating equations with the AR1 correlation structure. This modeling strategy was used to estimate the relative risk (RR) and 95% CI and adjusted for clustering by team. The natural logarithm of the number of hours in the season was used as an offset in the regression to account for the amount of playing time for each individual player.
For the Beighton score, we dichotomized the score into 0-4, indicating normal mobility, and !5, indicating hypermobility. 2 We assessed muscle strength at the hip and knee as a continuous measure per 1 standard deviation (SD). For lower extremity alignment during the drop-jump test, the Sportsmetrics software calculated the separation in centimeters between each player's hips, knees, and ankles, and we then calculated the normalized knee separation (NKS) as the knee separation divided by the hip separation multiplied by 100. A value of 100 represents no valgus and a value of 0 (no space between knees) represents maximal valgus alignment. We dichotomized the NKS as 10th percentile (most extreme knee valgus appearance) and >10th percentile using the cumulative distribution of NKS from all our soccer players. Because each player performed the drop-jump test 3 times on the baseline assessment day, we averaged the 3 measurements of NKS that were obtained at prelanding, landing, and takeoff. We evaluated the association between the time-dependent risk factors measured in the nested case-control study using survey-weighted logistic regression. For cases, the weight equaled unity (1.0), and for controls it equaled the inverse of the proportion of controls who were selected in each week among the controls who were eligible to be selected for the week. The results of the logistic regression analysis are presented as odds ratios (ORs). All statistical analyses were performed using R, version 2.15.0 (The R Foundation for Statistical Computing).
RESULTS
Among our 351 subjects, we found 83 lower extremity overuse injuries for a rate of 1.9 per 1000 AEH (95% CI, 1.5-2.4). Of these, 67 were first-time injuries for a rate of 1.7 per 1000 AEH (95% CI, 1.4-2.2). The rate of repeat lower extremity overuse injuries (3.4/1000 AEH [95% CI, 2.1-5.6]) was higher than the incidence rate. The most common overuse injury of the lower extremity was knee injury, with 38 knee injuries for a rate of 0.9 per 1000 AEH (95% CI, 0.6-1.2). Overuse injuries were most likely to be right-sided (37.0%) or bilateral (34.6%), with the most common diagnoses including tendinitis (42.0%), patellofemoral pain syndrome (21.0%), and Osgood-Schlatter disease (13.6%) ( Table 1) . Tendinitis entails pain directly over any tendon with tenderness, Osgood-Schlatter disease involves pain and tenderness directly over the tibial tubercle, and patellofemoral pain syndrome describes pain around the patella without tenderness directly over the quadriceps or patellar tendons or tibial tubercle. Half of players (50.6%) reported that no one evaluated their injury, and one-third (32.1%) reported they were evaluated by a medical provider. Players limited their participation in soccer because of pain (96.3%), concern about making the injury worse (66.7%), weakness (45.7%), and the joint giving way (40.7%).
We found no statistically significant differences between players with and without overuse injuries regarding age, race, level of play, years playing soccer, or prior acute injury (Table 2) .
We found that NKS on landing that was in the 10th percentile (most valgus appearing) was associated with a 2.24-fold increased risk (95% CI, 1.20-4.19) of lower extremity overuse injury compared with the combined higher percentiles (Table 3 ). NKS on landing that was in the 10th percentile was associated with a 3.2-fold increased risk (95% CI, 1.52-6.71) of knee injury. For overuse knee injury, 1-SD increase in hamstring strength was associated with a 35% decreased risk (RR, 0.65; 95% CI, 0.46-0.91) and 1-SD increase in quadriceps strength was associated with a 30% decreased risk (RR, 0.70; 95% CI, 0.50-0.98). For hip strength, 1-SD increase in hip flexor strength was associated with a 28% decreased risk (RR, 0.72; 95% CI, 0.51-1.00) and 1-SD increase in external rotation strength was associated with a 35% decreased risk (RR, 0.65; 95% CI, 0.46-0.91) of overuse knee injury. We found no statistically significant association between joint hypermobility and risk of lower extremity or knee overuse injury.
Our evaluation of time-varying risk factors (using the OR as the risk measure) showed that players who participated in other physical activities had a 50% decreased risk (OR ¼ 0.50; 95% CI, 0.27-0.86) of lower extremity overuse injury and a 61% decreased risk (OR ¼ 0.39; 95% CI, 0.15-0.81) of knee overuse injury (Table 4) . Players who played on another soccer team in the prior week had a 2.5-fold increased risk (95% CI, 1.08-5.35) of knee overuse injury. Among the case subjects, 25% reported playing on another soccer team compared with 17% of the control subjects. We Numbers may add to more than the total because players were allowed to select >1 response.
found no statistically significant association between position played in the past month, practicing soccer on one's own, or participation on another sports team and risk of lower extremity or knee overuse injury.
DISCUSSION
We found that the incidence rate for first-time lower extremity overuse injuries was 1.7 per 1000 AEH (95% CI, 1.4-2.2), the rate of repeat injuries was 3.4 per 1000 AEH (95% CI, 2.1-5.6), and the total rate was 1.9 per 1000 AEH (95% CI, 1.5-2.4). Calculating athletic exposure hours to establish a rate for overuse injuries is complicated because by definition, the injuries occur secondary to cumulative trauma, some of which may occur during activities other that the primary sport being assessed. In calculating rates, we counted only those injuries occurring with the team being studied and we limited athletic exposure hours to practice and games for those teams. A minority of the players played soccer on other teams. Accurately accounting for all athletic exposure hours and injuries outside club soccer was not possible or desirable because our goal was to calculate a rate for club soccer only. Non-club soccer and other outside physical activity certainly could have contributed to some of the overuse injuries. Knee injuries accounted for nearly half (47%) of the total injuries. Just over half of the players sought no evaluation for their injury. Decreased knee separation distance (more valgus appearance) was associated with increased risk of knee injury. Increased quadriceps, hamstring, and hip flexor and external rotator strength was associated with a decreased the risk of knee injury. Playing on more than one soccer team increased the risk of knee injury, and participating in other physical activities decreased the risk of total lower extremity and knee injuries.
Most of the soccer literature reports that acute injuries are more common, with overuse injuries comprising 10% to 40% of total injuries. 5, 30, 33, 35 Our overuse injury rate of 1.9 per 1000 AEH is similar to rates reported in several other studies. Jacobson and Tegner 11 evaluated injuries in elite adult female soccer players and found an overuse rate of 1.3 per 1000 AEH, with knee injuries comprising the majority of injuries. Malina 18 studied 9-to 16-year-old boys and found that the rate of training injuries was 1.44 per 1000 AEH, with overuse accounting for the majority of training injuries. Le Gall et al, 16 studying female soccer players age 15 to 19 years, reported a traumatic injury rate of 5.5 per 1000 AEH and an overuse injury rate of 0.9 per 1000 AEH, with the highest injury rate for the players younger than 15 years. In 2016, Junge et al 13 reported athletic exposures, not hours, from a range of sports, including soccer in 8-to 15-year-old boys and girls, and found that overuse knee injuries comprised 85% of the total, with a rate of 5.4 per 1000 AEs.
Unlike studies of adult players, many studies addressing peripubertal athletes 13, 18 report that the majority of injuries are from overuse, since both skeletal immaturity and rapid growth are risk factors for overuse injuries. Malina 18 found that boys with skeletal age lagging behind chronological age were at greatest risk of overuse injury. Van der Sluis et al 37 found that elite boys had a higher than 4-fold increase risk of overuse injury during the year before and the year of peak height velocity, corresponding to ages of 13.5 to 14.5 years. Le Gall et al, 17 in a 10-year study of youth players aged 14 to 16 years, found that osteochondrosis was more common in the youngest players. Female sex may also be a risk factor for overuse injuries in adolescence. Stracciolini et al, 34 evaluating the effects of patient sex and growth on pediatric hip injuries, found that boys had more injuries as children, but during puberty the injury proportion for girls exceeded that of boys, and girls had a higher proportion of overuse injuries.
We found that more than half of our players were not evaluated for their overuse injuries by a parent, coach, or medical provider. Clarsen et al 3 compared overuse injuries in elite Norwegian athletes that were reported to their coach or PT during training sessions versus those injuries that were reported using a weekly email questionnaire and found that the email questionnaire captured 10-fold more overuse injuries. In the study by Le Gall et al, 17 injuries were documented by an on-site physician, likely improving diagnostic accuracy while missing injuries for which medical attention was not sought. Because overuse injuries lack a "responsible mechanism," their onset is less likely to be observed by coaches or medical staff than an acute injury, so the reporting method and injury ascertainment are more challenging. Our findings and those by Clarsen et al 3 argue for expanding overuse injury surveillance systems to include some method of self-reporting, so that the injuries analyzed are not limited to only those that reach the attention of an athletic trainer or team physician. Beyond the ramifications of nonreporting on injury surveillance, it is concerning that parents sought medical care only 32% of the time, despite being aware that an injury had occurred. There are many possible explanations for this finding that go beyond the scope of the data collected for this study. Insurance issues, time pressures for parents and youth, lack of confidence in health care providers to assist with sports injuries, fear of being held out of play, and societal pressure to play through pain likely all contribute. Future research should examine possible barriers to seeking medical care for overuse injuries among youth athletes and their parents.
We found that both strength and knee alignment contributed to risk of overuse injuries. Greater strength in the hamstrings, quadriceps, hip flexors, and hip external rotators was associated with fewer overuse knee injuries. Metaanalyses in adults show that increased quadriceps and hip external rotation strength is associated with less patellofemoral pain. 15, 27 Fewer studies have been conducted in adolescents, but Nakase et al 22 found that less knee extension strength as well as muscle tightness and greater weight increased the risk for Osgood-Schlatter disease, which represented 13.6% of our total injuries. Hamstring strength deficits are not as clearly associated with anterior knee pain but are believed to contribute to acute knee injury, specifically anterior cruciate ligament (ACL) tears. 29 While we cannot prove causation, our finding that greater hip, quadriceps, and hamstring strength is associated with fewer overuse knee injuries in this specific population may useful in the development of conditioning programs to lower the risk.
We also found that the risk of both knee and total lower extremity overuse injury was increased in players in the 10th percentile of knee-hip separation distance (more valgus appearance) compared with those in the combined higher percentiles. Debate is ongoing regarding the precise risk factors for acute knee injury specifically in female athletes. 4, 8, 10, 25 Valgus knee alignment is considered a risk factor for ACL injury, and training programs designed to decrease valgus alignment and modify other risk factors can decrease the risk of ACL injury. 24 Increased knee valgus is also associated with increased risk of overuse-related anterior knee pain in 13-year-old female basketball players. 20 Warm-up programs to correct valgus alignment through plyometrics and other exercises that emphasize proper technique 24 are encouraged to reduce the risk of acute knee injuries, and such programs may play a role in reducing overuse knee injuries in our population based on the association between valgus knee alignment and injury identified in this study.
Our finding that playing on more than one soccer team increased the risk for overuse knee injuries is not surprising, and this finding has been reported previously in studies specifically addressing youth athletes. Increased training time and match play time resulted in more overuse injuries among youth boys in Manchester United's Academy. 18 Junge et al 13 found, in children age 8 to 15 years, that overuse injuries increased in those training more than twice a week. The period in the competitive season is also correlated with overuse injuries in youth and adults, with a number of studies finding more overuse injuries in the early season or preseason. 5, 11, 17, 23, 38 The seemingly contradictory findings that both volume of training and the start of the season are overuse risk factors suggest that a balance exists between being sufficiently trained to develop the strength needed to reduce risk of overuse injury while also incorporating sufficient rest to allow recovery from microtrauma that leads to overuse injury.
We found that participating in basketball, volleyball, and track did not increase the risk of overuse injuries, while participation in other sports and recreational activities actually decreased the risk for all lower extremity injuries by 50% and the risk for knee injuries by 61%. This findingdemonstrating increased risk of overuse injury though single-sport participation on multiple teams, but injury protection through simultaneous participation in other sports and recreational activities-is unique, to our knowledge. The risk of overuse injury through early sport specialization has been demonstrated. Myer et al 21 in a clinical review found that quitting all sports to focus on one sport at a young age increased the risk of injury and burnout. Jayanthi et al, 12 who conducted a case-control study of male and female teenagers across multiple sports and controlled for hours of participation, found that sport specialization was an independent risk factor for serious overuse injury. Hall et al 9 found in female soccer, volleyball, and basketball athletes that early sport specialization increased the risk for overuse knee diagnoses. Our prospective study specifically addressing female soccer players is consistent with these findings, but our additional finding that participation in a wider range of physical activity decreased overuse injury risk is unique and further supports recommendations that children avoid early sport specialization for both psychological and physical reasons. 9, 21 Our study had several limitations. Although our rate of overuse injuries is similar to those reported in prior studies, our players may have underreported these types of injuries because the definition of overuse injury and the requirement for pain to persist for 2 or more weeks differed from the definition of traumatic injury, the focus of most players and coaches. Results may have been affected by recall bias, since players with overuse injuries may have been more likely to remember or report participation in other physical activities or participation on other soccer teams in the weeks prior to the onset of injury compared with players without an overuse injury. We performed all interviews with control and case subjects within a median of 3 days of the reference or injury date to decrease this bias. Without multivariate analysis, independent predictors of injury cannot be determined. Last, we were not able to quantify the number of hours of participation on another soccer team or in other physical activities. Future studies should address overuse injuries for this at-risk and relatively understudied age group, consider including injury selfreporting method, and evaluate the ability of training programs to modify proposed injury risk factors and, more important, decrease the rate of overuse injury.
In conclusion, we found that overuse injuries in adolescent female soccer players are common, primarily affect the knee, and are more likely to occur in those players with weak hips, quadriceps, and hamstrings and those with low knee-hip separation distance. Overuse injuries are also more likely in those playing on more than one soccer team but less likely for those participating in other physical activities. These findings offer opportunities to prevent overuse injuries in this population by developing training programs that address strength and biomechanics, exercising caution with regard to participation on multiple teams in the same sport, and encouraging a wider range of physical activity.
